ABSTRACT: In order to minimize the user terminal energy consumption under the circumstance of ensuring the delay performance of real-time multicast and unicast traffic, this paper proposes a novel energy-efficient scheduling algorithm. According to the demand relation between the user and the traffic in the MBSFN area, this paper establishes a system model of the user terminal energy consumption. It analyzes the upper bound value and lower bound value of the user terminal energy consumption, and realizes the integrated scheduling of the traffic set by using the idea of centralized burst transmission, so as to obtain the minimum value of the user terminal energy consumption. The simulation results show that the proposed algorithm greatly reduces the user terminal energy consumption under the circumstance of ensuring the traffic delay performance.
INTRODUCTION
Nowadays, with the rapid development of the wireless communication technology and the increasingly expanding business supported by the mobile terminals, people have a growing demand on the multimedia services. However, a lot of mobile terminals are powered by the battery, so the limited power of the battery greatly affects carefree use of a variety of multimedia services. Therefore, how to efficiently use the power of the battery and improve the efficiency of terminal energy consumption to reduce the terminal energy consumption has become an important indicator for the design of the wireless communication system.
The wireless scheduling algorithm is mainly based on the proportional fair of QoS [1] and the utility function [2] , and it is realized by the uncertainty channel predictions [3] . Currently, the energy-efficient scheduling in the wireless communication system mainly adopts the centralized burst scheduling [4] and energy efficiency optimization scheduling [5] . This paper proposes a kind of integrated scheduling algorithm for multicast and unicast packet [6] . In addition, this paper proposes integrated realization of energy-efficient multicast scheduling [7] and burst transmission for WiMAX networks. The constraint problems in the battery of the mobile terminal equipment are mainly concentrated in the wireless communications. [8] takes into account the low complexity of the energy-efficient uplink OFDMA transmission in cellular networks. The energy-efficient scheduling in uplink OFDMA systems [9] takes into account the fairness of resource allocation. In order to ensure the quality of services of the traffic, [10] proposes a kind of algorithm for minimum energy consumption in the multicell cooperation networks. A kind of energy-efficient scheduling scheme [11] is proposed in the wireless communication system, so as to solve the trade-off problem of energy efficiency and delay by considering the packet delay constraints. [12] introduces limited feedback of delay constrained traffic for scheduling in the energy-efficient transmission strategies. Currently, in the case of multicast and unicast mixed traffic, there is less domestic and foreign research related to ensure QoS of real-time multimedia services and to take into account the energy-efficient scheduling of the user terminal energy consumption. For the issue of the user terminal energy consumption, the existing research [13] mainly adopts the idea of the centralized burst transmission to let the user terminal enter into a dormant state as much as possible, so as to reach the energy-efficient effect, but it may produce a certain delay as well. For the integrated scheduling of real-time multicast and unicast traffic, there is a need of overall consideration of the trade-off problem of the traffic delay and terminal energy consumption. The user terminal energy consumption is minimized in the event of ensuring the delay performance of real-time multimedia services.
In order to provide better real-time multimedia service experience, a novel energy-efficient scheduling algorithm for real-time multicast and unicast traffic is proposed to improve the efficiency of the terminal energy consumption. This algorithm adopts the idea of the centralized burst transmission to realize the integrated scheduling of the traffic set. It first adopts the method of exhaustion to implement full permutation of all unicast traffic, and then calculates the user terminal energy consumption in each case one by one and finally selects one or more cases of the minimal user terminal energy consumption from all calculation results as the scheduling schemes. The performance of the algorithm is analyzed for different number of multicast traffic and unicast traffic, and it is compared with the maximum value and minimum value of the user terminal energy consumption. The proposed energy-efficient scheduling algorithm has lower user terminal energy consumption, thereby achieving the energy-efficient effect.
SYSTEM MODEL OF USER TERMINAL ENERGY CONSUMPTION
The size of the user terminal energy consumption is determined by the transmission energy consumption and the state transition energy consumption of the user terminal. The transmission energy consumption per unit of time of the user terminal is defined as T P , and the single state transition energy consumption of the user terminal is defined as S P . Assuming that there is a total of K user(s) in the MBSFN area, a total of J group(s) of multicast traffic and I group(s) of unicast traffic are needed. If the traffic transmission time of the user terminal k is defined as k t and the state transition frequency in the traffic transmission is defined as k n , the terminal energy consumption k P of the user k can be expressed as follows:
The set i K is defined to express the set of users who demand the unicast traffic i in the MBSFN area, then ki d expresses the demand relation between the user k ( 1 k K ) and the unicast traffic i
(1 iI ), which can be specifically expressed as follows:
The demand relation between the user and the unicast traffic is not a one-to-one corresponding relation, that is, each user can transmit multiple unicast traffic, but the unicast traffic is only transmitted to one user. The expression is as follows: 
According to the state transition frequency k n in the multicast and unicast traffic transmission by the user k , the energy consumption k P of the user terminal k can be further expressed as follows:
Among them, 
Problem analysis
Under the condition of delay constraints of real-time multimedia services, the minimized user terminal energy consumption is an optimal objective. In case of concentrated transceiver of various kinds of multicast and unicast traffic, the traffic set corresponding to the minimum value is selected for scheduling through comparison with the user terminal energy consumption.
In order to achieve the optimal objective of the minimized user terminal energy consumption, and energy-efficient effect, the average minimum energy consumption of all users is an objective function under the circumstance of ensuring the delay performance of real-time multicast and unicast traffic, which can be expressed as follows:
For the user k , the value of 
Similarly, in case of lower bound, the value of k P is adjacent among all traffic transmitted by the user k , that is, each traffic transmission time zone is continuous, so there is only a need of single transition between sleep and work state to generate the energy consumption of state transition at the beginning of the traffic transmission. Thus, in case of lower bound, the value of k P can be expressed as follows:
Under the condition of delay constraints of real-time multicast and unicast traffic, there is a need of coordination of scheduling between each user, but it fails to ensure that each user can obtain the value of k P as the lower bound. However, it can make the value of k P close to the value of lower bound as much as possible under the circumstance of ensuring the delay performance of multicast and unicast traffic, so as to achieve the optimal objective of the minimized user terminal energy consumption.
Optimized solution method

If
P is defined as the average energy consumption of all users in the MBSFN area, P can be expressed as follows:
Under the condition of delay constraints of real-time multimedia services, min P  is an optimal objective function; the traffic set corresponding to the minimum value is selected for scheduling through comparison with the user terminal energy consumption, so as to obtain the minimum value of the user terminal energy consumption and determine corresponding traffic set in the scheduling. This algorithm adopts the method of exhaustion for the permutation and combination of all unicast traffic, calculating all working time of user terminals in each type of permutation and combination one by one and then calculating the minimum value of total time in all cases, namely, the optimal value of scheduling.
Through permutation and combination of the multicast and unicast traffic, the total working time of user terminals transmitted is calculated by the integrated scheduling algorithm for multicast and unicast traffic. The unicast traffic is transmitted in the adjacent timeslots of the multicast traffic as much as possible through circulation of the subroutines, so as to reduce the total working time of user terminals. Each timeslot is scheduled in each case and total time is calculated in each case. The minimum value is calculated from all calculation results, that is, the minimum permutation and combination of the total working time of user terminals is selected as the optimal solution to scheduling. Finally, in case of the constant number of the unicast traffic and multicast traffic, the statistical average value of the maximum value, minimum value and optimal value obtained by multiple operations is calculated via multiple program cycle operations. The specific steps of the proposed optimized solution method are shown in Figure 1 .
SIMULATION RESULTS
In order to assess the performance of the energy-efficient scheduling algorithm, the analysis is given to the performance of its user terminal energy consumption. Assuming that the demand relation between the user and the unicast traffic generates randomly, but each group of unicast traffic can only meet demand of a single user, and each user can simultaneously demand for multiple sets of unicast traffic, that is, the demand relation between the user and the unicast traffic is not a one-to-one corresponding relation. In addition, the end time for transmission of each set of multicast and unicast traffic does not exceed the deadline of the multicast and unicast traffic, so as to ensure the delay performance of real-time multicast and unicast traffic. In the simulation scenario, there is m number of multicast traffic and s number of unicast traffic, and t is used to define the number (t = m−1) of free timeslot between the multicast traffic. In the simulation scenario, the transmission time of m number of multicast traffic and s number of unicast traffic randomly distributes within a certain range, and the time (t) of free timeslot also randomly distributes within a certain range.
After random distribution of multicast traffic, unicast traffic and free timeslot, the maximum value and minimum value of the average user terminal energy consumption is calculated. The maximum value refers to the maximum value of the average user energy consumption, that is, total time of all traffic transmission when all unicast traffic fails to transmit in the free timeslot. The minimum value refers to the minimum value of the average user energy consumption, that is, the total time of all traffic transmission when all unicast traffic transmits in the free timeslot. The energy-efficient effect of the proposed scheduling algorithm is verified by analysis and comparison of the performance of average energy consumption of these three types of user terminals under different scenarios. In the performance simulation of the algorithm, it carries out comparative analysis of the impact of different number of multicast traffic and unicast traffic on the performance of the algorithm. The simulation results show that the algorithm reduces the user terminal energy consumption under the circumstance of ensuring the delay performance of real-time multicast and unicast traffic.
Performance analysis for different number of multicast traffic
For different number of multicast traffic (m = 3/6/9), it carries out simulation analysis of the energy-efficient performance, verification of the performance of the algorithm and comparison with the algorithm of the maximum value and minimum value, as shown in The simulation results show that, when the number of multicast traffic is a constant value, that is, the number of free timeslot is a constant value, with the increase of the number of unicast traffic, the minimum value is almost unchanged. A total working time of the user terminal calculated by the integrated scheduling algorithm for multicast and unicast traffic, that is, the optimal value and maximum value presents linear growth with the increase of the number of unicast traffic. Compared with the maximum value, the growth rate of the optimal value is small with the increase of the number of unicast traffic. Thus, through this algorithm and with the increase of the number of unicast traffic, the greater the efficiency in the user terminal energy consumption is, the user terminal energy consumption is far less than the algorithm of the maximum value but close to the algorithm of the minimum value. Therefore, this algorithm greatly reduces the user terminal energy consumption. However, when the number of unicast traffic is greater than the number of free timeslot, the efficiency of the user terminal energy consumption approaches saturation.
Thus, this algorithm adopts the free timeslot between the multicast traffic for unicast traffic transmission, so as to improve the use ratio of the free timeslot as much as possible and improve work efficiency to a maximum extent, thereby reducing the total working time of the user terminal, so that the user terminal enters into a dormant state as soon as possible, thereby reducing the user terminal energy consumption.
Performance analysis for different number of unicast traffic
As shown in Figure 5 , when the number of unicast traffic is 6, the maximum value, the minimum value and the user terminal energy consumption obtained by the energy-efficient scheduling algorithm all present a variation trend with the increase of the number of multicast traffic. Obviously, the maximum value and the minimum value are respectively the upper limit and the lower limit of the user terminal energy consumption, and this algorithm tends to be between them. As can be seen, there is a direct relation between the user terminal energy consumption and the number of timeslot calculated by the integrated scheduling algorithm for multicast and unicast traffic. When the number of multicast traffic is 1, the optimal time is equal to the maximum time. With the constant increase of the number of multicast traffic, namely, the increase of the number of timeslot, the optimal time is close to the minimum time. Thus, the energy-efficient effect of the algorithm is directly related to the number of the free timeslot. The algorithm transmits the unicast traffic by using the free timeslot to a maximum extent. The greater the number of the free timeslot is, the greater the efficiency in the user terminal energy consumption is.
In conclusion, the energy-efficient scheduling algorithm for real-time multicast and unicast traffic can achieve energy-efficient scheduling by using the idea of burst transmission according to the demand relation between the traffic and user under the circumstance of ensuring the traffic delay performance. The simulation results show that the algorithm greatly reduces the user terminal energy consumption under the circumstance of ensuring the traffic delay performance.
CONCLUSION
To solve the problem of the user terminal energy consumption in the multicast and unicast traffic transmission for ensuring the real-time multimedia service experience, the energy-efficient scheduling algorithm for real-time multicast and unicast traffic is proposed, which adopts the method of exhaustion to realize optimal solution. The method of transmission of all unicast traffic in the adjacent free timeslots of the multicast traffic as much as possible is used to reduce the total working time of the user terminal, thereby reducing the user terminal energy consumption to achieve energy-efficient purpose. The simulation analysis is given to different number of unicast and multicast traffic. The simulation results show that, the proposed energy-efficient scheduling algorithm significantly reduces the total time of traffic transmission with lower user terminal energy consumption, which is compared with the algorithm of the maximum value and minimum value. Thus, this algorithm is suitable for the transmission scenario of the multicast and unicast mixed traffic with a better energy-efficient effect.
